A series containing twelve substituted styryl 2-phenothiazenyl ketones have been synthesized. The electrochemical potentials of carbonyl and vinyl groups were measured. These potentials are correlated with Hammett substituent constants, F and R parameters. From the results of statistical analyses, the effects of substituent on the group reduction potentials have been discussed. The insect antifeedant activities of these chalcones have been studied using 4 th instar larvae Achoea Janata L with castor leaf discs.
INTRODUCTION
Redox potentials of organic molecules are very useful for studying electrochemical behavior such as oxidation, reduction and group transformation process. These processes are essential for conversion of one functional group into another by electron transfer. Electrochemical synthesis is another kind process for the study of properties of reactant and products [1] . Boykin and coworkers [2] have studied the dc polarographic redox potential of chalcones and they found to good correlation with sigma constants. Alston and Fry [3] investigates the reduction potential correlation with Hammett sigma p-constants for the chalcone system having substituents in both phenyl rings. These system performs for evaluation of Bekkum, Verkade and Wepster correlation with correlation parameters.
Moraleda et al [4] have studied to found good correlation of α,βunsaturated carbonyl compounds with half-wave potential, LUMO-HOMO energies with Hammett σ p constants. Chalcones possess a wide range of biological activities such as antibacterial [5] , antifungal [6] , antiviral [7] , antifeedant [8] , anticancer, antimalarial [9] , antituberclosis [10] , antiAIDS [11] , antiplosmodial [12] , anti-aids [9] and antioxidant [13] activities. These multipronged activities present in different chalcones are examined against respective strains.
The insect antifeedant activities of these chalcones have been examined against 4 th instar larvae's. In agricultural field the insect antifeedant activities of the compounds are very imp for control of insects on plant leafs.
There is no report available for the correlation of redox potential and current of C=C and CO of substituted styryl 2-phenothiazenyl ketones with Hammett substituent constants, F and R parameters and insect antifeedant activities in literature in the past.
Hence the authors have taken efforts to study the electrochemical behavior and insect antifeedant activities of 2-phenothiazenyl chalcones through the correlation of redox potential with Hammett substituent constants, Field and Resonance parameters.
The insect antifeedant activities of all synthesized chalcones have been studied using 4 th instar larvae Achoea Janata L with castor semilooper.
EXPERIMENTAL

General
All chemicals were procured from Sigma-Aldrich and Merck chemical company. The purities of these synthesized chalcones were checked with their physical constants. The physical constants and spectral data of unknown chalcones are presented in Table 1 . The Infrared spectra of compounds were recorded in avatar 300 infrared spectrophotometer.
The nuclear magnetic spectra of compounds were recorded in Bruker AV 400 type nuclear magnetic spectrometer applying 400 MHz frequency for recording 1H and 100 MHz frequency for 13 C spectrum using CDCl 3 as solvent and TMS is an internal standard. Mass spectra of compounds were recorded in Varian 500 GC-Mass spectrometer.
The Reduction potential of these chalcones was determined in HCH Instruments inc., Electrochemical Analyzer USA using platinum wire electrode in spectral grade methanol.
Synthesis of substituted styryl 2-phenothiazinyl ketones
All substituted styryl 2-phenothiazinyl ketones were synthesized by Green Ground Chemistry method reported in the literature [14] .
Phenothiazine-2-methyl ketone (0.02mmol), substituted benzaldehydes (0.02mmol) and sodium hydroxide (0.5g) in a mortar was ground with pestle for 20 minutes (Scheme 1). Completion of the reaction was confirmed by thin layer chromatography, the reaction mixture was poured into 25ml of cold water.
The obtained brown solid was separated by filtration. The pure brown chalcones were obtained by crystallization of these brown solid with ethanol. Physical constants, analytical, UV and mass spectral data were presented in (Table 1) .
Infrared spectral data of all chalcones were given in ( Table 2 ). The NMR data of synthesized styryl 2-phenothiazinyl ketones are tabulated in (Table 3 ). Table 2 . Infrared spectral data ν(cm -1 ) of 2-phenothiazinyl chalcones. 
RESULTS AND DISCUSSION
In the present study the ketones were chosen as an α,β-unsaturated system. These system exhibit as E stable conformers. The measured reduction potential (v) and the corresponding current (i) are presented in (Table 4 ). These potential and currents are correlated with Hammett substituent constants, F and R parameters using single and multi-regression analyses [15] [16] [17] . The results of statistical analysis of reduction potential (v) and the corresponding current (i) with Hammett substituent constants, F and R parameters are presented in (Table 5) . From Table 5 , correlation of reduction potential of C=C with sigma constants, F and R parameters were fail. On the other hand this current (i) were satisfactory correlated with sigma constants. The polar, resonance and fields were failing in correlation with these parameters. This is due to the inability of effect of substituents Table 4 . The reduction potential (v) and current (i) of carbonyl and C=C groups of 2-phenothiazinyl chalcones.
not obeyed the potential and current and the conjugation between the substituent and carbonyl group shown in Figure 1 . All correlation gave negative ρ values except σ I with reduction potential of C=C and vice versa with C=C current. All correlations are fail with the reduction potential of CO with sigma constants, F and R parameters. A satisfactory correlation obtained for R parameter with reduction current of CO. Remaining sigma constants and Field parameters fail in correlations. This failure was due to conjugative structure shown in Figure 1 . 
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Insect antifeedant activity
The multipronged activities present in different epoxy ketones are intended to examine their insect antifeedant activities against castor semilooper. The larvae of Achoea Janata L were reared as described on the leaves of castor Riclnus communls in the laboratory at the temperature range of 26°C ±1°C and a relative humidity of 75-85%. The leaf -disc bioassay method [8, 19] was used against the 4 th instar larvae to measure the antifeedant activity. The 4 th instar larvae were selected for testing because the larvae at this stage feed very voraciously.
Measurement of insect antifeedant activity of chalcones
Leaf discs of a diameter of 1.85 cm were punched from castor leaves with the petioles intact. All chalcones. Insect antifeedant activities of substituted styryl 2-phenothiazinyl ketones were dissolved in acetone at a concentration of 200 ppm dipped for 5 minutes. The leaf discs were airdried and placed in one litre beaker containing little water in order to facilitate translocation of water. Therefore the leaf discs remains fresh throughout the duration of the rest, 4 th instar larvae of the test insect, which had been preserved on the leaf discs of all chalcones and allowed to feed on them for 24 hours. The areas of the leaf discs consumed were measured by Dethlers [19] method. The observed antifeedant activity of chalcones was presented in (Table 6 ). The results of the antifeedant activity of keto chalcones presented in (Table 7) and it reveals that the compounds 4-6 are found to reflect remarkable antifeedant among all other chalcones. This test is performed with the insects which took only two-leaf disc soaked under the solution of this compound [20] .
Compounds 5 showed enough antifeedant activity but their activities are lesser than 4. Further, compound 4 was subjected to measure the antifeedant activity at different 50, 100, 150 ppm concentrations and the observation reveals that as the concentrations are decreases, the activity also decreases.
From the results in Table 8 , it is observed that the chalcone 4 showed an appreciable antifeedant activity at 150 ppm concentration. 
CONCLUSION
There are twelve substituted styryl 2-phenothiazenyl ketones have been synthesized by Ground green chemistry method. These chalcones were characterized by their physical constants and spectral data. The electrochemical reduction potential and currents of carbonyl and vinyl parts of these chalcones have been measured. These components were correlated with Hammett substituent constants, F and R parameters. The reduction current of vinyl part and carbonyl carbons were satisfactorily correlated. The multi-regression analysis of these components correlated satisfactorily with Swain-Lupton's, F and R parameters. Insect antifeedant activities of these chalcones have been studied using 4 th instar larvae Achoea Janata L with castor leaf discs.
